Very low levels of methylmercury induce cell death of cultured rat cerebellar neurons via calpain activation.
Methylmercury, an environmental neurotoxicant, induces the apoptotic death of cerebellar granule cells in vitro at a low concentration. To further understand the mechanism of cell death, we used a rat cerebellar granule cell culture system to investigate whether the calpain/cyclin-dependent kinase 5 (cdk5)/p35 cascade, an important cascade for neuronal apoptosis, is involved in the methylmercury-induced death. A noteworthy finding was that the cerebellar granular cell death was increased at a very low concentration of methylmercury, 30 nM, which is lower than that previously reported. The high sensitivity to methylmercury indicates that this culture system is useful for studying methylmercury toxicity at very low concentrations. Using this system, we here found that the methylmercury-induced death was inhibited by the calpain inhibitor II. Furthermore, it was shown that, in methylmercury-exposed cells, alpha-fodrin and tau, calpain substrates, were cleaved to the fragments that disappeared by treatment with the calpain inhibitor II. We next assayed and showed that the intracellular Ca(2+) concentration in cerebellar granule cells increased after methylmercury exposure in a time- and dose-dependent manner, significantly even at 30 nM. These results indicated that a very low concentration of methylmercury causes the intracellular Ca(2+) concentration to increase, activates calpain in the cells, and then induces cell death. We further found that the p35 protein was also processed to p25 that forms the cdk5-p25 complex, a hyperactive kinase for tau. However, an immunoblot using the anti-phosphorylated tau antibody showed that there was no increase of phosphorylated tau in methylmercury-exposed cells. These results suggested that methylmercury-induced cell death via calpain activation should not involve the stimulation of tau phosphorylation activity.